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Fatigue failure modes and damage mechanisms of laminated transparent components
YU Zezong'*, XIANG Ning"?, LU Hongyu**,RUI Hangin’*, ZHENG Mengyao'*,ZHANG Xiaowen', YAN Yue'*
(1. Baimtec Material Co.,Ltd.,Beijing 100095,China; 2. Beijing Engineering Research Center of Advanced Structural Transparence for the Modern
Traffic System, Beijing 100095,China; 3. Beijing Institute of Aeronautical Material,, Beijing 100095, China)

Abstract : A heterogeneous laminated structure composed of polycarbonate (PC), thermoplastic polyurethane (TPU), and
oriented poly (methyl methacrylate)(PMMA) was employed in transparent canopy of mainstream aircraft, and was designed to meet
the comprehensive requirements of high light transmittance and high impact resistance. During their service life, the transparent
components were subjected to continuous aerodynamic loads and pressure variations, which could induce safety hazards such as
stress concentration and microcracking, resulting in sudden and concealed fatigue failure under long-term alternating stress, ultimate-
ly compromising flight safety. Fatigue performance evaluation of the heterogeneous laminated transparent structure determined a
conditional fatigue limit of 41.3 MPa, and the S-N curve was constructed based on different stress levels. It was identified there are
failure modes of laminated transparent structure under three stress levels, 42 MPa, 50 MPa, and 60 MPa : PC creep rupture, PMMA
brittle fracture, and necking after interfacial debonding between PC and TPU. The propagation behavior of surface cracks in PC
layer during testing was observed using optical microscopy. Finite element modeling was employed to predict stress distribution
during the fatigue process, and when combined with stress birefringence results obtained from the laminated transparent structure
under fatigue, the overall failure mechanism of the specimen was revealed. Digital image correlation technology was used to analyse
strain fields of individual material layers under different loading conditions. The results indicate that PC layer is not only subjected
to axial tension but also experience significant shear forces due to deformation mismatch during fatigue. Furthermore, the actual
stress borne by each individual material layer was found to exceed the predetermined load values.

Keywords : transparent components with laminated structure ; fatigue failure ; aircraft canopy ; force analysis ; finite

element simulation
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Fig. 5 Fatigue failure state of laminated specimen
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deformation
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(b) Strain distribution at peak value
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Fig. 13  Distribution of valley peak strain of laminated fatigue speci-

men after 20 000 fatigue cycles
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Tab. 2 Force situation of lower layer composite sample under 40 MPa after 20 000 cycles

Item PC PMMA
State of stress Minimum value Peak value Minimum value Peak value
Strain change amplitude/%o 9.67 24.85 8.26 22.65
Stress magnitude/MPa 23.01 59.16 29.67 81.32
&3 40 MPa FE&IRFE40 000X EREZN1ER
Tab. 3 Stress situation of lower layer composite sample under 40 MPa after 40 000 cycles
Item PC PMMA
State of stress Minimum value Peak value Minimum value Peak value
Strain change amplitude/%o 9.62 25.68 8.24 23.65
Stress magnitude/MPa 22.90 61.13 29.51 84.90
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Fig. 14 Schematic diagram of single-layer strain distribution analysis

of laminated specimens
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Fig. 15 Strain distribution of laminated fatigue specimens after 20

cycles of high load and strain state analysis of PC layer
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